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A NEW NULL INSTRUMENT FOR 
MEASURING HIGH-FREQUENCY 
IMPEDANCE 

• THE DESIGN of ini|3e(iance-measuring 
equipment, in general, involves two funda¬ 
mental ehoiees, namely, the seleetion of an 
ini|RMlanee standard, or standards, for com¬ 
parison with the unknown im{MMlanee, and 
the seleetion of a method for indicating when 


a known relation Ix'tween them is established. 

It has been <*omnion ex|>erienre that null methods of comparison 
yield the highest precision of 8<*lting. At commercial and audio fre¬ 
quencies, where there is relatively little difficulty in obtaining adccpiate 
inqH*dance standards, bridge methods have therefore found almost 


tici RE I. ^*‘f the Type 821-A Twin-T InnK*clance-Measuring Circuit with 
rover rernoved. 'I’he airplane-luggage ty|>e of raw is f»rovi<ietl with a carrying haiiflic 
and the instrument is easily |N)rtahle. Connecting cables anil instruction hook arc 
mounted in the cover. 
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Fl{;t HK 2. Banir rirouit diagram of Twiii-T 
iniprilaiirr-tnraHiiriiig rirniil. in lln* tim¬ 

ing ttiil, /^. arr n*nri*K«*nlt*tJ bv the roinlnrlaiUT, 
iil-t simplify the balancr tipialioiiM. 


iiiii\<‘rhul acivptanif. As llit* freijnnu'y 
Ih raiN'ii, lioHp\t*r. rrsiiliial parainpltTs 
iti llu* iiu|MMlan<'e stanilanis uiiil in tlip 
uiring raiu^* more anil inon* Hprious 
ilpparliirps from iilpaliziMi ludiavior, 
ami, a I radio friMpienripR. it is gi*n<*rally 
fonnil that bridges designed lor lou- 
frenneiiev o|H‘ralion Iktoiiip so inae- 
eiirale as to Im* ustdess. 

Through |»ro|M‘r ehoiei* of iin|MMlani*t* 
standards and improvement in eireiiit 
eonlignrations. the iip|K*r freipieiiey limit 
for aeeiirate briilge measurements has. 
in reeent years, b<‘en progressively in- 
ereased. 'This proeess of refinement, how¬ 
ever, restriels more and more severe!) 
the ehoiiv of bridge eireiiils that ean Ik* 
ns<*d and thereby limits the eonveniemv 
and adaptability that ean In* obtained. 

Anotber approaeh to the problem of 
obtaining suitable nnll methods at high 
freipieneies ean Ik* made by devising en¬ 
tirely different types of eireiiits rather 
than by refining existing bridge eirenits. 
'Tbe new parallel-T eirenits.' forinstanee, 
are generally adaptable for this s<*rviee, 
and the 'rvi»K821- A 'Pwin-'r lni|M*danee- 
Measnring ('.irenit. deserilK»d in this 
artiele. uses one that has lK*en found par- 


tienlarly satisfaetory.- 

. nTTmIII**. •'Un.lpnJT an«i l*«r*llrl-T Niill CUrruiU 
fttr Mr«»urrtnctilN Ml Fmiurnric-.** Pn»r. l.K.I*... 

V«l. 28. p|i. 23-2»l. January. I‘»WI. , ^ 

M). n. Sini'lair. "The Twin-T. \ Nrn T)|iri nf Null 
ln>lr)iiii«*nt fttr Mraiiuring Imprdaiire al Kmiiiriicir* up lo 
30 Mwvdri.,** IW. Vol. 28. pp. .bo-318. July. 

1010. 


THEORY OF OPERATION 

The basie eireiiit used is illustrated in 
Figure 2. 

Halanee is obtained >%hen the transfer 
im|K*danees^ of the two parallel T' eir- 
eiiils a h r and a d v are made eipial 
and opposite. For this eondilion the bal- 
anee eipiations lH*eome: 

c,-Ku.-er''(i+^) = o (1) 


c„ + cc" 



C" C") 




If the eireiiit is initially balanced lo a 
mill and ibeii rebalam ed by means of the 
«‘ondensc*rs. G; and Ch^ when an iin- 
kimwn admittanee, is 

eonneeted to the terminals marked 
rNKNO>\ N in Figure 2, the unknown 
eomliK'tive and siiseeptive eom|K»nenls 
ean Ik* found from 

(>s = - G;.) (la) 

/fx = (-^) 

in whieh (’ra and d/ti represent eapaei- 
tanee values for initial baJanei*, and 
Q;c and Cm ea|»aeitanee values for final 
balaiu*e. 


AOYANTAGES OF CIRCUIT 

Used in this way, the eireiiit is seen to 
provide a parallel-siibstitiition measure¬ 
ment of the unknown admittanee, with 
the eondiietive eom|K>nent pro|K)rtional 
lo the inen'inental value of one variable 
air eondensi*r and the siiseeptive eom- 
|>onent pro|K>rtional to the ineremental 
value of another air eoiidenser. .Sinee 
eaeh balanee is inde|K*ndenl of the 
other, the eireiiit is well fitted for use in 

^l)crinp«l an iIm* ralM» i»f ll»c inpul v<»llage lo the oiilpul 
I’urrciit hIipii llie oulpul Irrminal* are ikli4»rl-«Hrfuile<l. 


GENERAL RADI 
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a ilireft-readiiifi inslrumcnt for moasiir- 
ing admittance. 

Two features of the circuit I hat make 
it particularly useful for measiiremenls 
at ra<lio frei|ueiicies arc: 

1. 'I’hcre is a common ground |)oinl 
for one side of the generator, one side of 
the detector, one side (»f the conduclive- 
l)aiam*e <-ondenser, Ca-, one side of I lie 
susceptive-balance comlens4‘r, Ciu and 
one side of the unknown ailmittance, ) 
Not only does the common ground elim¬ 
inate the need for the shiehled trans¬ 
former retpiireil in bridge circuits, but it 
renders imuH^uous many of the residual 
circuit capacitances, as can lie seen from 
Figure 2. Capa<*itances from points n 
and c to ground, for instance, fall across 
the generator and detector where they 
<’aust‘ no error. (Capacitances from 
|M>ints h and d to ground fall across the 
susceptance-halance condens<‘r, and 
the conductance-balance condens<*r, G?. 
When substitution measurements are 
made in terms of capacitance incre¬ 
ments they cancel out. 

2. The <:onductive com|>onent is meas¬ 
ured in terms of a fixeil resistor and a 
variable (‘ondenser. This combination, 
providing the eipiivaleiit of a continu¬ 
ously variable resistance standard, has 


Ikm'ii found much freiT from residual pa¬ 
rameters than any variable resistor yet 
devised. 

These two features, in themsidves. 
either minimixe or eliminate certain un¬ 
wanted resiilual parameters. '^I'he general 
circuit arrangement, in addition, dis- 
|M)ses of others. (Capacitan<‘e fwtween 
points (I and h of Figure 2, for instance, 
falls across condenst*r C\ capat'itance 
lictween points h and c falls a<*ross con¬ 
denser C'\ and capacitance between 
(H)ints a and d falls aiToss c‘ondens<‘r 
G". These residual capacitances can all 
he included as parts of the various capa<‘- 
itances listed and taken into at'count in 
the instrument calibration. 

DESCRIPTION OF INSTRUMENT 

Figure 4 is a panel view of the Tyi*k 
821-A TVin-T lm|MMlance-\leasuring 
Circuit. The controls, shown in the 
photograph, are: 

1. A precision-tyfie variable air con¬ 
denser used to measure susceptive com- 
(K>nents and having a dial dire<‘llv <‘al- 
ihrated from UM) to 1100 /i^f. 

2. An auxiliary <*on<lensf‘r. consisting 
of a hank of fixed condensers controlled 


^’lt;CKK3. View of 
anco roiideiii*cr (Ifi Htu)W- 
iii^ the two aliimiiiiini 
Mocks use<l to fecit from 
the stator to the internal 
circuit and to tlie panel 
terminal, and brass discs 
grounding the rotor to the 
frame thron^h low-indne- 
tance brushes. 




C 

c 
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l)y push bullous and a small variable 
condenser, in parallel wilb ibe suseepl- 
ance condenser, used to establish I be 
initial susceptance balance at any (diosen 
setting of the susceptance condenser. 

3. A <*oil switi’b, marked >vilb the fre¬ 
quency range covered by each tuning coil. 

I. A varialile air con<lenst.*r used to 
measure conductive components and 
having two scales, one reatling from (I to 
100 /umbos and one reading from 0 to 300 
/umbos. 

.3. A l-posilion swil<*b used to estab¬ 
lish a scale on the conductance dial from 
0 to 100 /umbos at I Me. from 0 to 300 
/umbos at 3 Me, from 0 to 1000 /umbos a I 
10 Me, and from 0 to 3000 //mhos at 30 
Me. At other than tbest‘ discrete fre- 
tpieiicies. the dial reading must be mul¬ 
tiplied by the S(|uare of the ratio of the 
fre<|uem*y iistMl to the nominal frecpiency 
indieatetl by the t-position switch. 

6. Two small variable condensers, in 
parallel wilb the conductance condenst*r. 
list'd as coarst* and line controls to estab¬ 
lish the initial c.ondiictance balance at 
zero setting of the conductance I'on- 
densi'r. 


APPLICATION OF INSTRUMENT 

(irealesl convenience is obtained with 
the Twin-T in the measurement of ad¬ 
mittances having relatively small con¬ 
ductive components since, for ibest' 
measurements, the instrument is direct 
reading. By the ust* of st'ries fixed con- 
denst'rs. however, admitlaiu'cs having 
relatively large conductance components 
can also Im' measured. 

In the first class, namely, admittances 
having small conductive components, 
fall condensers, coils, ilielectric samples, 
parallel-tuned circuits, high-resistance 
units, and antennas and nnterminate<l 
transmission lines near half-wave res¬ 
onance. In the sc'i'ond class, namely, ad¬ 
mittances having large conductive I’oin- 
poiieiils. fall si'rics-tiined circuits, ter¬ 
minated transmission lines and matching 
sections, and antennas and unlerminatcd 
transmission lines near quarter-wave 
resonance. Some typical measurements 
on a few of these devices will si'rve to 
imiicale the general technique of meas¬ 
urement. 

1. Measurement of a .^00 /u/uf con- 
densi'r at 10 Me. 

Si't the T-posilion switch at 10 Me ami 
the I'oil switch on the 10.0 20.0 Me 



Ku;i KE t. Panel view of 
experimenlal model of 
'fwiii-T iinpedunce- 
nieasiiring <*irc*(iiL AI the 
left of llie [laiiel are the 
aiisreptuiiee condenser 
(CAPACri'ANCK mmO 
and tlie auxiliary Inning 
condenser ( A L' \ . 
TlMNt; CAP.). At ihe 
riglil are llie condiict- 
anee eondens<'r (C( )N - 
Dl (.TANCK /umho), and 
the parallel trimmer con- 
den se rs (INI 'f I A L 
RALANCK). The remain¬ 
ing controls (FRKtJ. 
UANCK) are the coil 
switch, at the left, and 
the conductance range 
switch, at the right. 
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EXPERIMENTER 


ran^t*. Set the 8ii8i'e|)tanre eoiuleiiser at 
t^oiiie liigli value, nay KMMl.O /x/^f, and the 
roiitliietanre eoiidenser al zero. By vary¬ 
ing; the auxiliary eonclen.Hers in parallel 
with the .miseeptanee and eondiietanee 
eondenMT!«. adjust to an initial halanec*. 

(ionneet the <‘onden.*^*r to Ix’ iiieas- 
iired aeross the UN KNOW IN terminals 
and, uith the siisreptanee and eondnet- 
antv eondeuMTs, adjust to a final hal- 
aim*. Let the siiseeptanee eondens«*r 
seltin» Im‘ 02.4 /ujuf and the (*ondtn*tanre 
eondenw'r s<*tlin^ Im‘ 80 /umho. 

Then the unknoun parallel eapaei- 
tain*e. Cr, ami <*onthietanee, L’,, are: 

C, = KXKI.O - 02.4 = /i/uf 

(ix — 80 /uinho 

H it is desired to express the eon- 
dens4*r loss in terms of dissipation 
faetor, O,: 



80 X 10 ^ X LOO ^ 

2it X KV X 5.>T.0 X 10 '* ■■■ ' 

2. Measurement .of 1 /ih eoil at 2.i Me. 

St*t the l-position switch at .40 Me and 
the eoil switeh on the 20.0 4.4.0 Me 
raiijiie. Set the sus<*eptamt‘ eondeiiser at 
some low value, sav 1(M).0 ^/if, and the 
t'oiidiietanee ilial at zero. Kstahlish the 
initial halanee as desiTilxMl in the pre¬ 
vious example. 

(lonneet the (‘oil to Im* measured aeross 
the I NKNOW N terminals and establish 
the (iiial halaiu'e as liefore. U*t the sus- 
eeptanee condenser setting he 140.8 ^/uf 
and the (‘ondiietanee eondens(‘r st‘ltinf: 
Im* 00 /zmho. 

Then the unknown suseeptanee, 
and (Hmduetan(‘(‘. are: 


Hx = 27r X 2.4 X 10«( 100.0 - 1.40.8) X 
l0-'2 X 10“ = -62.40 /iinho 

C, = 00 X ( ^ ) = 02.5 ^mho 


The unknown parallel ind(i(‘lan(‘e. Lx. 
and storage faetor, Qx^ can easily lie 
found to In*: 


Lx 


_ 10 “ 

2w X 2.4 X 10“ X 62.40 X 10 ” 


Qr^ 


62.40 

6^ 


loo 


1.02 n\i 


.4. Measurement of mati'hed 72-ohm 
(*oa\ial line at 8.40 ke. 

.S*t the 4-|N>sition switeh at I Me and 
the eoil switeh on the 620-8.40 kc range. 
Kstaldish an initial balance with the 
(‘onduetanee (*undens<*r set al z(*ro and 
the su.s(*eptanee condenser at some value 
near mid-sc'ale. (ionneet the im|M*danee 
t(i Im* measun*d to the L NKNOW N ter¬ 
minals with a small ''(mstage-stamp" 
ly|M* fixed eondens<*r in S4*ries with the 
unground(*d lead, (diange this s(*ri(*s eon- 
dens«*r to find the largest value for 
whif’h a balance on the (‘onduetaiK'e dial 
(’an In* ohtaiiK’d. Say this is 1,40 g/uf, 
nominal value. 

lN*ave the ground terminal of the un¬ 
known im|N*danee (*onn(*et(*(l to the 
grounded UNKNOW N terminal. W ith 
lh(* fixed eondenst*r eoiineeted to the 
ungrounded UNKNOWN terminal, hut 
fr(*(* al the far (*nd, establish an initial 
halaiK’e with the (’midtK’tani’e (’ondens(*r 
set at Z(*ro and the suseeptan<*e eon- 
(l(*ns(*r at some relatively high value, 
say .4fM) ggf. 

(lonneet the fr(*(* (‘iid of iIk* series eon- 
(lens(*r, C,. to the grounded I N K N( )W N 
terminal and rebalan(*e. If there is any 
appr(*(’iable change in eondiK’taiK’e bal¬ 
ance, rebalaiK’c with the zero-adjustment 
trimmers aeross the (‘(Jiidiietanee con¬ 
denser. leaving the eonduetaiK’e dial set 
at zero. Let tin* susi‘eptan(*e (‘ondenscr 
reading In* 352.5 ggf. Then: 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (SOO) 899-8438 • fax: (516) 334-5988 








GENERAL RADI 


C, 5(H) « 352.5 = 117.5 /i/if 

'' ” 2ir X H3() X K^X 147.5^ 10 
= — 13(H) ohniK 

DirtiMMinrol llu* far nul of llu* fWTicH 
roiul<*iiH«‘r (Voiii llu* /;n>ijn(if*<l IIN- 
KNOVi i\ trriiiinai and it to th<* 

iiii/:rmni<l«‘d terminal of tlie nnkiio\^n 
itn|NMlaii<’e. |{elialan<*e with the stiHee|)t* 
anei* and eondiietani*(* eondenHi*rs. Ix’t 
their readin<:K l»e 353.(i /i/if and f>().K 
/iinlio. 'riien iIm* eonduetan<*e and fiUR- 
eeptanee (*oni|>onenls of the rti'rie*! rir- 
eiiii are: 

.. /().H3\» 

f» — (—^ j X f)().rt = 11.0 /imho 

// = 2f X K3() X 10" X (5(H) - 353.6) 

X lO-i^ X 10“ = 7(>1 /iinho 


From ihesi* (inures, the reftislanee ami 
reaelan<*e are: 


l< 


11.0 X 10 ** 

(76 F -f- 11.0*) 10 '» 


71.6 ohms 


-761 X 10 « 

(761* + ii.o-Tro-i* 

= — 1306 ohms 


The reaelanee of the line ils€*lf is found 
hy siihlraetin*: the reaetamv of the S4*ries 
eomlenser:^ 

= R = 71.6 ohms 

V, = - 13(X) - (- 1300) 

= — 6 ohms 


- I). B. SiNClAlH 


*Tbe iMwwiliilily uf iiijikiiiii PiilMiNiiliMi erron* in rr«rtHm*r 
through ukttig ilir liiirerrui'r lielHerii l«vn large niiml>er» 
ran Ite avoiiieil by aMuiniing that tile ointliietamv. <i, ia 
negligible ntmparetj with tlie «uiH'e|ttan<'e, H. ami taking 
llie tliffemire Itelwnrii the reartanrea correapoiniing l« 
117.5 And 146.4 nfi(. Thi* gi«'ra a rough cherk figure of 
V *0” /14f..4 - 147.5\ . 

' “2»X«30X 10* \ 146.4 X 117.5/ * * '**’"**' 


SPECIFICATIONS 


Frequency Range: 420 ke to 30 Me. 
Capacitance Range: KHi to IKH) ^^f on 

slaniJiird t*oiulenHer, direct remlin/;. 

Conductance Range: 

0 — too ^tnilio at 1 Vic 
0 — 300 iiinlio nt 3 Me 
0 — 1000 iiiiiho at 10 Me 
0 — 3000 ^mlir» at .30 Me 
Ketueeii tlirse dir«H’t-readinn raiif^rn the range 
of the ctindiictance dial varif*s as the si|ijan* of 
the frei|uency. 

Accuracy: d: I un( drO.1'7 for ca|iacilani*e. 
For rondnetanee. d: O.l^;*^ of full s<*alr :fc 2% 
of actual dial reading. 


Accessories Supplied: Coaxial cahlea 
for connections to generator and detector. 

Accessories Required: A suitable radio- 

fretiuent^ generator and detector are ret|uired. 
Fitlier Tyi»K 684-A Mtalulateti Oscillator (with 
the addition of a coaxial output jack) or 'I'yph 
605-A Standard-Signal (Generator is a satisfac¬ 
tory generat<»r. A well shielded radio receiver 
covering the ilesired freipiency range is recom- 
mende<l for the detector. 

Mounting: The instrument is mounted in an 
airplane-luggage ty|ie of case with carrying 
handle and removable c«»ver. 

Dimensions: \1% x 12 x 91^ inches, over-all. 
Net Weight: 26 |N>unds. 


Direct Kcailing 


Type 

821- A 


Cttde If tiril 


Price 


i.\c;kr 


i?L34«.00 


NOTES ON THE CARE AND MAINTENANCE 
OF VARIACS 


• MUCH INTEREST lia» Ih-.ii xIiou n 
ill the rereiil article in the (General 
Bailio lixfHvimvntvr which outlined a 
General maintenance ami service pro¬ 
gram for (H*neral Radio instruments. \ 


numlM*r of retpiesls for maintenance 
notes on particular instruments have 
now lK‘en received, and, lR*cause tif the 
fact that over 35,(HH) Tariacs are in U8«% 
it i.s lielieved that many ciistfuners 
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inslriirtions Tor 

the inainleiiaiiiv of these eoiilrols. 

lns|NM*hon of the \ ariaes retiiriie<l for 
repairs shows siieli eonilitioiis as worn 
hriisht's uiul dariiaged wiinliii^s to In* 
most prevalent. (Jareful inaintenanee 
would have prevented most of this dam* 
agt\ with the exeeption of that eaiis<Ml h\ 
overloadinjr. 

'rile hnishes should he ins|M'<*ted regu¬ 
larly to make certain that excessive wear 
has not taken place. 'Fhe interval Im*- 
tween ins|N*ctions may U* deterniineil h\ 
the freipieiK'v at which the \ ariac volt- 
a»:c .S4‘t titles are (‘handed. hen the 
hriish is worn the brass holder may come 
in contact with the windin*' siirfa<’c and 
caiisi* immediate fiisinjr of the turns 
short-cinMiited hy the hold«*r. \ worn 
hriish may also cause arcing to the wind¬ 
ing. and the resultant roughened areas 
<»n the contai't siirfa<*es will cansi* fur¬ 
ther wearing and damage to laitli the 
brush and the winding. It is recom¬ 
mended that u small 8t(K*k of replai’c- 
nieiit brushes lie onlered as part of the 
mainlenanci* proi-eilure. 

Many Variacs are o|M‘rated in loca¬ 
tions where there is I'onsiderahh' dirt, 
ihist, and grit, and even corrosive fumes. 
Such Variacs require frccpient cleaning 
of the winding in order to insure |N>sitive 
contact U'lween the brush and the wind¬ 
ing. If this is not done, erratic o|M‘ratu»n 
may result, due to arcing and lack of 
pro|M‘r contact, so that eventually the 
wimling must lie replaced. 

When the surface on which the hriish 
Invars lH*conies hlackeiUMi or corroded, it 
should Im* cleaned with crcM'us cloth or a 
\ery line sand|ia|N‘r, making <*erlain 
that all rough placrs are smoothed. Re¬ 
move the l<M>s«* particles with a lint* 
hriish and then clean with carlHUi tetra- 
(diloridi* or some similar highly volatile 
cleaning agent. 

Kxct'ssive healing usually will Im* 



caus4*d from too much «*urrent llowing in 
the loail circuit. 'I'lic portion of the 
winding affected dc|N*nds in most in¬ 
stances u|M>n the |M)silion of the brush. 
W bile the winding nia\ not In* ilamageil 
if the o\erload is removf*d cpiickly, the 
carbon of the brush may disintegrate. \ 
new brush should In* install4*d U^fore the 
Variac is again placed in siTvicc. 

Overheating the wimling will cause 
the turns to loos<*n and. in ciMding. thev 
may not return to their original posi¬ 
tions. A raisi'd turn may I'aiisi* a brush 
to wear exi*es.sively or even break. 

The instructions that are included in 
every Variac shipment state that, when 
a \ ariac is u.s4*d to control iIh* voltage in 
the primary of a high-voltage trans¬ 
former or other highly imluclive load, it 
is necessary that either the voltage set¬ 
ting of the Variai* Im* reduced to 7A*ro or 
the oul(>ul circuit o|M‘n(*d lN*forc the line 
circuit is hroktui. If neither of thes<’ 
pnH'ediires is followeil. it is |M>ssihle that 
a surge will caus4* si*rious damage to the 
wimling, although each Variac is tested 
with 2(M)0 volts <l-c lM*tween the winding 
ami the frame. 
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Sinre tiu* Variarisan aiito-tran^foriiKT, 
it slioiihl nt‘Vf*r Ik* roniHTlfil to a load 
rirriiit rontaiiiiiig a ground. The only 
exivptioii is when one side of the line 
and one side of the load are both 


pounded: these may Im* eonneeted to the 
('oninion in|MitH»iit|)iit terminal of the 
Variae. 

Vdecfiiate fusing in both line and load 
eirenits is reeommended. Keplaeement 
fuses are eonsiderahly ehea|>er than re- 
|»la('ement Variaes. II. II. Dawks 


MISCELLANY 


•AT THE ANNUAL BANQUET 

of the Kni|M)riimi Section. I.K.E.. II.H. 
Kiehmond. Treasurer of the (kuieral 
Uatlio (]oni|mny. was the j^iiest s|>eaker. 
11 is siibje<*l was ''Observations of an 
Engineer on the Continent aiul in the 
Near East on the Threshohl of Vi ar.” 

•THE FOLLOWING ERRORS 

oecurre*! in the DeeemlM*r issue of the 
llxpvrimtmtvr. 

In the rapt ion to Fi(;i kk 3. R, at 10 
Mr should Im* 0.13 i'l. 

In the raption to EiGi ukO. the values 
for H,. shouhl he 

0.(M)4i>at 2 Mr 
0.(K)Tnat 5 Mr 
0.01 n at 10 Mr 

In the tles<Tiption of Tyi*k 318-C Dial 
Elate, it was stated that the S4‘ale pro¬ 
curesses in a 4*ounterrUM*kw is«‘ dirertion. 


As the photo^aph rlearly shows, the 
profjression is riorkwise. In addition, the 
photoc:raph should show a nirkel silver 
bortler around the tlial. identiral with 
that on Tvi»k 318-B. 

•EFFECTIVE JANUARY 1, the 
price of the replacement T’ype ()3l-IM 
Strobotron for us«* in T'yi»k 031-B Stro- 
botac is reiliired to $4.30. net. f.o.b. 
(lanibrid^e. 

• RECENT VISITORS to the (;en- 
eral Kadio laboratories include Mr. Vi . J. 
Kroejrer of the Erankford Arsenal, 
Mr. G. Eorrest Drake. Chief Engineer of 
VifMMlwanl (fovernor (^mipanv. Dr. 
Erederirk E. Termon, IVesiilent of th«* 
Institute of Radio Engineers, and Messrs. 
Vi. K. Knotts, R. Howell, and E. R. 
Elansburg of RCA. 
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